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, , $U$
$\sqrt{gh}$ ( $g$ ). ,
, ,
, forced Korteweg-de Vries (ffi-dV
) [2].
$\frac{\partial\eta}{\partial t}+(F-1)\frac{\partial\eta}{\partial x}-\frac{3}{2}\eta\frac{\partial\eta}{\partial x}-\frac{1}{6}\frac{\partial^{3}\eta}{\partial x^{3}}=\frac{1}{2}\frac{db}{dx}-$ (1)
(1) , $\eta/harrow\eta,$ $b/harrow b,$ $x/harrow x,$ $\sqrt{g/h}tarrow t$
. $F=U/\sqrt{gh}$ Froude .




$\mathrm{f}\mathrm{l}\zeta_{-}\mathrm{d}\mathrm{V}$ (1) . , ,
2 $\mathrm{A}\mathrm{a}$ , .
, , $x$ $\Delta x=0.2$ , $\Delta t=0.004$ .
$\neq$ , fK-dV (1) $\int_{-\infty}^{\infty}\eta dx$
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3: $\eta_{\max}$ . 4: $\eta_{\max}$ .
, $F$ 1 , . , $F$
1.0 , $\eta-$ , .
$F=1.2$ $t=1000$ $5(\mathrm{b})$ .
$\eta\min$ O , .
, $F$ , .
$F$ 1.0 , $\eta_{\max}$ ,
. $F$ , $5(\mathrm{c})(F=0.7)$
$\eta_{\max}$ $\eta\min$ 2 $\text{ }$ , ,
. , $5(\mathrm{c})$
, .
F 6 , F \eta m
$\eta\min$ , – . 6 ,
$\eta_{\max}$ $F$ . ,
$1.1\leq F\leq 1.3$ $\eta\min$ 0 .
$0.9\leq F\leq 1.0$ ,
. $F\leq 0.8$ , $x=0$
.
, \eta m-
, Grimshaw . 4
, l \eta m- \eta max 2 .
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$5(\mathrm{a})$ : $F=1.0$ .
$\eta$
$5(\mathrm{b})$ : $F=1.2$ .
$5(\mathrm{c})$ : $F=0.7$ .
5: $t=10\mathrm{o}\mathrm{o}$ .
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6: \eta m $\eta_{\min}$ $F$ .
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$\mathrm{f}\mathrm{K}-\mathrm{d}\mathrm{V}$ (1) , $\frac{db}{dx}$ , , $b=\epsilon b_{1}(\epsilon\ll$
1) . 1 ,
$\eta_{0}=a(\tau)$ soeh2 $(\gamma(T)\Phi)$ , (3)
. ,
$T=$ $\epsilon t$ , (4)
$\Phi$ $=$ $x-\Psi(T)$ , (5)
$\Psi(T)$ $=$ $\tilde{x}_{0}+\frac{1}{\epsilon}\int_{0}^{T}q(\tau’)d\tau’$ , (6)
, $a(T)$ , $\Psi(T)$ , $q(T)$ . $T$
, $a,\gamma,$ $\Psi,$ $q$ , . , $\eta$ $q$
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$\eta$
$=\eta 0+\epsilon\eta 1+\epsilon^{2}\eta 2+\cdots$ , (7)
$q=q\mathrm{o}+\epsilon q1+\epsilon^{2}q_{2}+\cdots$ , (8)
$\epsilon$ . (7),(8) (1) 0(1) ,






$q_{0}$ $=$ $(F-1)- \frac{a}{2}$ , (11)




$(F-1-q_{0}) \frac{\partial\eta_{1}}{\partial\Phi}-\frac{3}{2}\frac{\partial}{\partial\Phi}(\eta_{0}\eta 1)-\frac{1}{6}\frac{\partial^{3}\eta_{1}}{\partial\Phi^{3}}$ (12)
$=$ $F_{1}$ ,
. ,
$F_{1}= \frac{1}{2}\frac{\partial b_{1}}{\partial\Phi}-\frac{\partial\eta_{0}}{\partial T}+q1^{\frac{\partial\eta_{0}}{\partial\Phi}}$ (13)
. , $L$ $L^{*}$ .
$L^{*}z \equiv-(F-1-q_{0})\frac{\partial z}{\partial\Phi}+\frac{3}{2}\eta 0^{\frac{\partial z}{\partial\Phi}}+\frac{1}{6}\frac{\partial^{3}z}{\partial\Phi^{3}}$
.
(14)
, $\eta_{0}$ $L^{*}z=0$ , $\eta_{1}$ $\Phiarrow\pm\infty$
,
$\int_{-\infty}^{\infty}F_{1\eta_{0}}d\Phi$ $=$ $\int_{-\infty}^{\infty}(L\eta 1)\eta_{0^{d}}\Phi$
$=$ $[(F-1-q \mathrm{o})\eta 1\eta 0^{-\frac{3}{2}}\eta_{1}\eta_{0}-2\frac{1}{6}(\frac{\partial^{2}\eta_{1}}{\partial\Phi^{2}}\eta_{0}-\frac{\partial\eta_{1}}{\partial\Phi}\frac{\partial\eta_{0}}{\partial\Phi}+\eta 1^{\frac{\partial^{2}\eta_{0}}{\partial\Phi^{2}}})]_{-\infty}^{\infty}$
$+ \int_{-\infty}^{\infty}\eta_{1}(L^{*}\eta_{0})d\Phi$
$=$ $0$ , (15)
. (13) $F_{1}$ ,
$\frac{d}{dT}\int_{-\infty}^{\infty}\eta^{2}\mathrm{o}d\Phi=\int_{-\infty}^{\infty}\eta 0^{\frac{\partial b_{1}}{\partial\Phi}}d\Phi$ , (16)
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. (16) (3) $\eta_{0}$ , $b_{1}$ $b$ ,
$\epsilon\frac{da}{dT}=\frac{\gamma}{2}\int_{-\infty}^{\infty}\mathrm{s}\mathrm{e}\mathrm{c}\mathrm{h}2(\gamma\Phi)\frac{\partial b(\Phi+\Psi)}{\partial\Phi}d\Phi$ , (17)
. (6) , 1
$\frac{d\Psi}{dT}=\frac{1}{\epsilon}q_{0}$ , (18)
. $\epsilon\frac{d}{dT}=\frac{d}{dt}$ , (17),(18) ,
$\frac{da}{dt}$ $=$ $\frac{\gamma}{2}\int_{-\infty}^{\infty}$ $\mathrm{s}\mathrm{e}\mathrm{c}\mathrm{h}^{2}(\gamma\Phi)\frac{\partial b(\Phi+\Psi)}{\partial\Phi}d\Phi$ , (19)
$d\Psi$
$\overline{dt}$
$=$ $q_{0}=(F-1)- \frac{a}{2}$ , (20)
, $a$ \Psi . , (19) $\gamma$ ,
(10) $a$ . (19),(20) ,
.
, ,
broad forcing . , (19) sech2(\mbox{\boldmath $\gamma$}\Phi )
$(2/\gamma)\delta(\Phi)$ ,




$\frac{da}{dt}.=-\cdot\frac{.\partial\hat{H}}{\partial\Psi}$ , $\frac{d\Psi}{dt}=\frac{\partial\hat{H}}{\partial a}$ , (23)
, .
, ,
narrow forcing . , $b(x)=2b_{0}\delta(X)$
, $\mathrm{O}-=,\gamma\Psi$ , (19),(20)
$\frac{d\gamma}{dt}$ $=$ $- \frac{3}{4}b_{0}\gamma$ sech2 $\Theta\tanh\Theta$ , (24)
$\frac{d\Theta}{dt}$ $= \gamma\{(F-1)-\frac{2}{3}\gamma^{2}\}$ , (25)
. ,
$\hat{H}=(F-1)\gamma-\frac{2}{\wedge}\gamma-\frac{3}{\mathrm{o}}b0\mathrm{s}\mathrm{e}\mathrm{c}\mathrm{h}2\Theta 3$ ,$\overline{9}^{\gamma^{\delta}-_{\overline{8}^{b\mathrm{h}^{\mathit{4}}\ominus}}}-\cdot\vee 0\mathrm{s}\mathrm{e}\mathrm{c}.$ (26)
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, $\hat{H}$ , (24),(25)
$\frac{d\gamma}{dt}=-\gamma\frac{\partial\hat{H}}{\partial\Theta}$ , $\frac{d\mathrm{O}-}{dt}=\gamma\frac{\partial\hat{H}}{\partial\gamma}$ , (27)
.
3.2
\S 3.1 , $b(x)$ $0$
, , (2) , 1
$\mathfrak{e}^{\mathrm{o}}-$ $x=0$ $b(x)$ .




. , – $x$ ,
$dx$
$\frac{d^{2}b(x)}{dx^{2}}|_{x=x_{0}}=0,$ $x_{0}<0$ (29)
x=x . , (19),(20)
,
$\Psi=x_{0}$ , $a=0$ , (30)
.
(30) (19),(20) ,
$a_{\infty}$ . , $a$ $0$ $\gamma=0$ , $a$
$0$ , $a$ . , (19),(20)
, $(a, \Psi)$ ,
– $a$ $a_{\infty}$ .
, broad forcing (22) $\hat{H}$ , (30)
$a$ $\Psi$ ,
$\mathrm{A}=(F-1)a-\frac{1}{4}a-2b(\Psi)=-b(x_{0})$ , (31)








broad forcing , $F$
. $a$ , ‘(20)
$F-1$ , $F>1$ , $F<1$
. , (21) , $a$ ,
. , $F>1$ , $9(\mathrm{a}),(\mathrm{b})$
2 . , $F$ 1
, $F$













narrow forcing , $b(x)$ (30)
$x_{0}$
$0$ $=0$ . (26) ,
$\mathrm{A}=(F-1)\gamma-\frac{2}{9}\gamma^{3}-\frac{3}{8}b0$ sech2 $\mathrm{O}-=-\frac{3}{8}b_{0}$ , (37)
. , $\gamma$ $-$ 1 ,
sech2 $arrow 0$ , (37)
$(F-1) \gamma_{\infty}-\frac{2}{9}\gamma^{3}\infty=-\frac{3}{8}b_{0}$ , (38)
. (10) ,
$a_{\infty}=^{\mathrm{R}}\gamma_{\infty}^{2}\overline{3}$ ,
, (38),(39) $a_{\infty}$ .
4
3 , $a_{\infty}$ 1 ax – .
, 1 , (30)
.
b(x)=0.1sech2 $(x/2)$ $\eta_{\max}$ $8(\mathrm{a})$ . $\bullet$ fK-dV
(1) , $\bullet$ 1 $\eta_{\max}$ , $\bullet$
\eta m . $\cross$ 3 $a_{\infty}$ , broad forcing,
narrow forcing 2 . $\cross$ $F$ 1
, $F\geq 1.1$ ,
. broad forcing , 3 (35)
$F_{\max}$ $F$ . $F$ $\eta_{\max}$
, . ,
. ,
. 4 2 , $0$
$0$ 1
, (30) $a$ $0$ $a_{\infty}$
. $1.1\leq F\leq 1.3$ $F$
, $0$ , $a=0$
.
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$8(\mathrm{a})$ : $b(x)^{=}\mathrm{O}$ .lsech$2(x/2)$ $8(\mathrm{b})$ : $b(x)^{=}\mathrm{O}$.lsech$2(x/4)$
8: $\eta_{\max}$
$F$ , 1.0 11 , broad
forcing 118 . , 13 ,
. , .
, b(x)=0.1sech2 $(x/4)$ , $8(\mathrm{b})$
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